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Introduction: WaveOne is a single-file reciprocating
instrumentation system with the benefits of M-Wire
alloy that has increased flexibility and improved resis-
tance to cyclic fatigue over the conventional alloy.
Root canal preparation techniques may cause postoper-
ative pain. The goal of the present study was to compare
the intensity and duration of postoperative pain when
using WaveOne or ProTaper Universal systems for
instrumentation of root canals. Methods: Forty-two
patients who fulfilled specific inclusion criteria were
assigned to 2 groups according to the root canal instru-
mentation technique used, WaveOne or ProTaper Uni-
versal. Root canal treatment was carried out in 2
appointments, and the severity of postoperative pain
was assessed by numerical rating scale (NRS) score after
each session until complete pain relief was achieved.
Analgesic consumption, duration of pain, and root canal
preparation time were also recorded. Results: The mean
NRS score and duration of pain after both appointments
were significantly higher in the WaveOne group (P <
.05); however, the mean analgesic consumption was
only significantly higher in the WaveOne group after
the first appointment (P < .05). In all groups the highest
mean NRS score was seen 6 hours after each therapeutic
appointment. Canal preparation time was significantly
shorter in the WaveOne group (P < .001). Conclusions:
Postoperative pain was significantly lower in patients
undergoing canal instrumentation with ProTaper
Universal rotary instruments compared with the Wave-
One reciprocating single-file technique. (J Endod
2015;41:575–578)
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JOE — Volume 41, Number 5, May 2015The common factors influencing the occurrence of pain after root canal treatmentinclude insufficient instrumentation, irrigant extrusion, intracanal interappointment
dressing extrusion, hyperocclusion, missed canals, presence of preoperative pain,
presence of periapical pathosis, apical debris extrusion, and apical patency during
root canal preparation (1).
Most nickel-titanium engine-driven instrument systems extrude less debris than
stainless steel K-files manipulated by hand because of their rotary action that, when
combined with abundant irrigation, has the potential to reduce the risk of postoperative
discomfort (2, 3). In 2008 the use of reciprocal motion during root canal preparation
was revisited (4). WaveOne (Dentsply Maillefer, Ballaigues, Switzerland) is a single-file
M-Wire reciprocating instrumentation system with potential advantages that include a
reduced number of instruments, lower cost, reduced instrument fatigue (5, 6),
better canal centering ability, reduction of taper lock (7), and the elimination of
cross-contamination associated with single-use instruments.
Burklein and Schafer (8) reported that full-sequence rotary instrumentation was
associated with less debris extrusion compared with the use of reciprocating single-file
systems and suggested that this factor could be associated with less postoperative pain.
Because there is no evidence that shows the correlation between debris extrusion and
postoperative pain and no clinical evidence has been published regarding the compar-
ison of postoperative pain between these 2 movement systems, the purpose of this study
was to compare the incidence and intensity of postoperative pain after use of the Wave-
One system and the ProTaper Universal (Dentsply Maillefer) rotary system to prepare
root canals in permanent human teeth.
The null hypothesis is that preparation with WaveOne causes the same postoper-
ative pain as ProTaper.
Materials and Methods
This randomized clinical trial was approved by the Ethics Committee of Tehran
University of Medical Sciences (Reg. No. 92/s/1421/130) and registered in www.irct.
ir (IRCT2013071313970N1).
The sample size calculation, which was based on an error of alpha = 0.05 and a
power of 0.8, indicated that ideally a sample size of 21 in each group would be required.
Forty-two consented patients between the ages of 15 and 55 years who were
referred to the Endodontic Department of Tehran University of Medical Sciences andn University of Medical Sciences, Tehran, Iran; †Endodontology Research Group, School of Dentistry,
nited Kingdom; ‡Department of Endodontics, School of Dentistry, Shahrekord University of Medical
eheshty University of Medical Sciences, Tehran, Iran; and jjPayam-Noor University, Tabriz, Iran.
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TABLE 1. Baseline Demographic and Clinical Characteristic of Patients in Each
Group
Baseline demographic
and clinical characteristic
WaveOne
(n = 21)
ProTaper
(n = 21)
Male 11 11
Female 11 11
Mean age (y) 38 40
Systemic disease None None
Vitality of the pulp 9 10
Molar 11 11
Premolar 11 11
Asymptomatic cases 21 21
Symptomatic cases 0 0
TABLE 2. Details of Random Stratification of Patients in Each Trial Group
According to the Type of Tooth
Maxillary
molars
Maxillary
premolars
Mandibular
molars
Mandibular
premolars
WaveOne
group
6 6 5 4
ProTaper
group
5 6 6 4
CONSORT Randomized Clinical Trialdiagnosed with irreversible pulpitis participated in this study. The pa-
tients had no symptoms before treatment initiation, and all root canals
had a curvature up to 25 when measured according to the method of
Schneider (9).
The exclusion criteria were consumption of any type of medication
before treatment, presence of internal or external resorption, apical pa-
thosis, sinus tracts, trismus, internal ankylosis, periodontal scoring in-
dex less than 3, systemic disease, severe tooth malposition, history of
trauma, pregnancy, severe malocclusion associated with a traumatic
occlusion, anterior teeth, lack of patient compliance, history of intoler-
ance of nonsteroidal anti-inflammatory drugs, and requiring endodon-
tic retreatment (Table 1).
The patients were randomly stratified into 2 groups of 21 accord-
ing to the type of tooth and their number of root canals (Table 2). Allo-
cation was done by a person other than the person performing the root
canal procedure. After evaluating the patient and tooth that required
treatment, the information about each patient and the instrumentation
technique assigned to the patient was written and sealed in an envelope,
and then the envelope was given to the operator. After working length
determination, the operator would open the envelope and use the
instrumentation technique assigned to that patient.
All teeth were treated in 2 appointments by the same operator.
Two percent Persocaine-E (lidocaine) with 1/80,000 epinephrine
(Daroupakhsh, Tehran, Iran) was applied to achieve profound local
anesthesia. Afterwards, the access cavity was prepared, and the tooth
was isolated by using rubber dam. The initial working length was
then determined with an electronic root canal measurement device
(Root ZX; J. Morita, Tokyo, Japan).
Preflaring was not done before working length determination.
Then the working length was established at 0.5 mm up to the radio-
graphic apex and confirmed by 2 blinded operators by taking a periapical
radiographic image. Subsequently, root canal preparation was accom-
plished by 1 of the following 2 instrumentation systems according to the
manufacturer’s instructions, ProTaper Universal rotary files or WaveOne.
The protocol used for ProTaper Universal rotary files was as
follows. An S1 file was introduced with a brushing movement into the
canal, 3 mm short of the estimated working length. Afterwards, an SX
file was introduced into the canal with a brushing movement two thirdsTABLE 3. Mean Numerical Rating Scale Scores of the WaveOne and ProTaper Gro
After treatment before
medication consumption After 6 h After
WaveOne
First visit 0.13  0.6 2.86  2.2 2.18 
Second visit 0.23  0.7 1.23  1.4 0.86 
ProTaper
First visit 0.55  1.4 1.27  2.3 0.86 
Second visit 0.00  0.0 0.09  0.4 0.09 
576 Nekoofar et al.of its blade length, and then S1, S2, and F1 files were used to the working
length, respectively. The canal was then assessed with an ISO #20 file. If
it would fit snugly at the apex, the preparation would be considered
complete, but if the ISO #20 file did not fit properly at the apex, instru-
mentation would be continued with the F2 file, and the canal would be
assessed with ISO #25 file. Once again, if the file would fit snugly at the
apex, instrumentation would be considered completed; otherwise, it
would be continued with an F3 file.
The protocol used for selecting the initial file in the WaveOne
group was as follows. If #010 K-file was very resistant to movement
in the root canal, the small file was used. If #020 K-file would easily
go to the working length, the large file was used, and in other cases
the primary file would be used.
During instrumentation, irrigation was achieved by using 2%
chlorhexidine and a side-port closed-end needle (Max-I-Probe; Dents-
ply International, York, PA), and the access cavity was temporarily
sealed by using a reinforced zinc oxide–eugenol cement (Zoliran;
Golchai, Tehran, Iran), and the occlusion was checked. No intracanal
dressing was applied. The time interval after working length determina-
tion until the end of instrumentation and irrigation was recorded. At the
end of the first appointment a single dose of 400mg ibuprofen (Gelofen;
Jabberebne Hayyan, Tehran, Iran) was taken by the patient. Nine cap-
sules of 400 mg ibuprofen (Jabberebne Hayyan) were also provided to
them. A numerical rating scale (NRS) was used for recording pain
levels. For the first 24 hours after treatment, patients were contacted
by phone every 6 hours, and the NRS score was recorded. If necessary,
depending on the intensity of pain, the patient was allowed to take a dose
of analgesic. Afterwards, further NRS scores were recorded every 24
hours until complete pain relief was achieved. The number of analgesics
taken by each patient was recorded.
In cases associated with severe pain, after recording the amount of
pain, the patient was advised to use the alternative method of pain con-
trol including the use of 400 mg ibuprofen and 325 mg paracetamol
alternatively every 2 hours.
If patients had side effects when using nonsteroidal anti-
inflammatory drugs, they were excluded from the study.
At the second appointment 1 week after the first appointment, after
removing the temporary coronal filling, the root canal(s) were irrigated
by using 1 mL 17% EDTA (Ariadent, Tehran, Iran) to remove the smear
layer, and the root canals were filled with gutta-percha (Meta Biomed,
Cheongju, Korea) and AH26 (Dentsply DeTrey, Konstanz, Germany)
sealer by using a lateral compaction technique. Afterwards, Zonalinups in Various Time Intervals after Both Appointments
12 h After 18 h After 24 h After 48 h After 72 h
2.3 1.95  2.6 1.00  2.3 0.86  2.5 0.36  1.3
1.4 0.41  0.9 0.05  0.2 0.05  0.2 0.00  0.0
1.7 0.59  1.6 0.55  1.6 0.00  0.0 0.00  0.0
0.4 0.00  0.0 0.00  0.0 0.00  0.0 0.00  0.0
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TABLE 4. Mean Time of Pain Relief in Each Experimental Group
WaveOne (h) ProTaper (h)
First visit 17.45  20.7 5.45  9.0
Second visit 7.36  11.0 0.55  2.5
TABLE 5. Mean Analgesic Consumption by Patients in Each Group
WaveOne ProTaper
First visit 2.36  2.2 1.23  0.06
Second visit 1.23  0.9 1.0  0.0
CONSORT Randomized Clinical Trial(Golchai, Iran) was used as temporary coronal filling material, and the
patient’s pain was recorded immediately at the end of the procedure.
The data were then analyzed statistically by multivariate analysis of vari-
ance and the t test. Differences were considered statistically significant
at P < .05. A 95% confidence interval was obtained.
Results
The mean NRS scores at the various time intervals associated with
each canal preparation technique are shown in Table 3. The intensity
and duration of pain experienced after both appointments by patients
in the WaveOne group were significantly higher than in the ProTaper
group (P < .05) (Tables 3 and 4). In both groups the highest NRS
scores were recorded 6 hours after each appointment, after which the
NRS scores decreased; however, 12 hours after the second session in
the ProTaper group, the mean NRS score was similar to that at 6
hours and then decreased (Fig. 1). A significant difference occurred be-
tween the intensity and duration of pain experienced by patients in the
WaveOne group at the various time intervals after both appointments
(P < .001). On the contrary, in the ProTaper group no significant dif-
ference was seen between the NRS scores at the various time intervals
after each treatment session. None of the patients encountered severe
pain resulting in the use of the alternative pain control protocol.
The mean analgesic consumption by patients in each group is
shown in Table 5. The consumption was significantly higher in the
WaveOne group after the first appointment (P < .05), but no difference
was seen between the 2 groups after the second session.
The canal preparation time was significantly shorter in the Wave-
One group in comparison with the ProTaper group (3.17 2.18 hours
versus 5.32  1.24 hours, P < .01).
Discussion
The primary aim of this study was to investigate the influence of
root canal instrumentation with WaveOne versus ProTaper UniversalFigure 1. Mean NRS scores of the WaveOne and ProTaper groups in various
time intervals after both appointments.
JOE — Volume 41, Number 5, May 2015rotary files on the incidence and intensity of postoperative pain.
Therefore, all other variables such as the type of irrigation were
consistently kept similar in both groups without any preference
regarding the use of 2% chlorhexidine over other irrigants. However,
it has been shown that 2% chlorhexidine has similar antimicrobial
effects as 5.25% sodium hypochlorite (10, 11); the latter remains
the most extensively chosen intracanal irrigant (12) because the
former cannot dissolve pulp tissue and needs more time to accom-
plish the same antimicrobial effects (12). In addition, to increase the
antibacterial effects of chemomechanical procedures and eradicate
residual bacteria from root canal system, the use of an interappoint-
ment medication has been recommended (13). In our study to avoid
the possible confounding effect of intracanal medication on postop-
erative pain (14, 15) and to reduce the number of variables, no
intracanal dressing was used between the appointments. For future
study the effects of various irrigants and intracanal medications on
postoperative pain and long-term outcome of root canal treatment
are suggested. Furthermore, considering the fact that the active
time of canal preparation required when using an instrumentation
system is an important factor considered by most clinicians, not least
because of its impact on patient overall comfort and time available
for irrigation, the preparation time of each of the evaluated instru-
mentation systems was also calculated. The WaveOne system required
a significantly shorter time for instrumentation because only 1 file
was used, whereas when using the ProTaper system, 6 files were
used. Moreover, it has been shown that the application of recipro-
cating movement instead of full rotation decreases the preparation
time (16).
The intensity and duration of postoperative pain after both ap-
pointments were significantly higher in patients in the WaveOne group.
However, Farrar et al (17) reported that in the case of mild pain (0–
3.4 NRS values), a 2-point change in the NRS scores represented a clin-
ically significant difference in the pain experienced by patients. There-
fore, it is likely that the statistically significant difference seen in the
intensity of pain between the 2 groups in this study is not likely to
be clinically significant (Fig. 1). In addition, the differences seen in
the intensity of pain did not affect the choice of analgesic. It should
be noted that the results of only 1 clinical study cannot be generalized
to all clinical cases, and more studies regarding this matter are
required.
The results of laboratory studies demonstrate that all canal prep-
aration techniques are associated with dentin debris extrusion from the
root canal system even if the preparation ends shorter than the apical
terminus (18–20). It has been reported that extrusion of
microorganisms (21, 22), materials, or dentin debris into the
periradicular area causes inflammation (15) and may be related to
postoperative pain and flare-ups (15). The amount of debris extrusion
(8, 19, 23) and neuropeptides released from C-type nerve fibers
present in the periodontal ligament (24) differ between instrumentation
techniques, and this difference has been suggested as a reason why
there are differences in postoperative pain experienced by patients.
Burklein and Schafer (8) demonstrated that full-sequence rotary
instrumentation was associated with less debris extrusion when
compared with the use of reciprocating single-file systems. Continuous
rotation may improve coronal transportation of dentin chips and debris
by acting like a screw conveyor, therefore resulting in less apical debrisEffect of Root Canal Preparation on Postoperative Pain 577
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extrusion. This may explain the higher pain intensity, analgesic con-
sumption, and longer pain duration in the WaveOne group. Further-
more, in the WaveOne single-file instrumentation technique, a
relatively rigid, large single file with a greater taper is moved apically
until it reaches the working length. This method may create a piston ef-
fect and push debris through a patent apical foramen (25).
Caviedes-Bucheli et al (24) evaluated the expression of substance
P and calcitonin gene-related peptide in the periodontal ligament of hu-
mans after the use of single-file reciprocating systems and concluded
that the amount of neuropeptide expression was higher in teeth where
the root canals were prepared with the WaveOne system. They suggested
that the concave triangular cross section at the tip end of the files, the
convex triangular cross section at the coronal end, and reduced depth
of flutes limited the coronal transportation of dentin debris and
increased apical debris extrusion, resulting in a higher neuropeptide
concentration. It should be noted that substance P and calcitonin
gene-related peptide activate G protein coupled receptors on nocicep-
tors, leading to the sensitization or activation of neurons (26), and these
neuropeptides can cause peripheral sensitization characterized as hy-
peralgesia, allodynia, and spontaneous pain (27). Furthermore, central
sensitization is initiated by a barrage in C-fiber inputs with sufficient in-
tensity and duration; therefore, both peripheral and central sensitiza-
tion may have a role in the pain experienced by patients in the
WaveOne group. Further studies regarding the possible role of central
pain mechanisms on postoperative pain experienced by patients are
required.
WaveOne instruments are used without coronal enlargement;
however, in the ProTaper group, the Sx file used initially was primarily
included for the purpose of coronal flaring. It has been shown that the
crown-down technique is associated with less debris extrusion
compared with other instrumentation techniques (28). Therefore, it
is possible that early preflaring is associated with less debris extrusion
and postoperative pain.
In the current study a trend was seen regarding the intensity of pain
experienced by patients after each therapeutic session. The greatest in-
tensity of pain was recorded 6 hours after each appointment, and after-
wards it decreased. Other studies also revealed a similar pattern (29,
30).
Future research comparing the postoperative pain experienced by
symptomatic patients after root canal preparation with reciprocating
and full rotational instruments is suggested.
Conclusion
Postoperative pain lasted longer and was more intense in patients
treated with the WaveOne system compared with the ProTaper Universal
system. However, the differences seen in the intensity of pain may not be
clinically significant and did not affect the analgesic regime chosen by
patients.
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